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1OBJECT- The object of this thesis is  to determine the effect of 
speed on the steam consumption of the 12 in. x 24 in . Corliss steam engine 
located in the Mechanical Engineering Laboratory.
RESULTS. The log sheets give averages of a l l  data taken and cal­
culated.
Pig. 1 shows relation of steam consumption per I.H .P. hour to the
I.H .P. at various speeds.
Fig. 2 shows the relation of steam consumption per I.H .P. hour 
to average m.e.p. at various speeds.
Fig. 3 gives the minimum steam consumption per I.H .P. hour at 
various speeds.
Fig. 4 gives the steam consumption per I.H .P. hour to develop a 
given I.H .P. at various speeds.
Fig. 5 gives the quality of steam at cut-off that may be expect­
ed for a given m.e.p. with various speeds.
Fig. 6 gives the quality of steam at cut-off that may be expected 
for a given speed with various m .e.p.'s.
Fig. 7 gives relation between thermal efficiency and m.e.p. at 
various speeds.
Fig. 8 gives relation between potential efficiency and m.e.p. at 
various speeds.
Fig. 9 gives relation between quality of steam at cut-off and 
value of nnn for expansion.
2N O M E N C L A T U R E
Item
No.
1. Duration of tr iu l, minutes.
2. Average r.p.m,
3. Average piston speed, f t  ./min.
4. Average pressure in steam main, lb./sq. in.
5. Average pressure in exhaust main, in.Hg.
6. Vacuum in condenser, in.Hg.
7. Atmospheric pressure, lb./sq. in.
6. Average temperature of engine room.
9. In it ia l temperature of cooling water.
10. Final temperature of cooling water.
11. Temperature in hot well.
12. Calorimeter temperature} readings taken between throttle and cylinder.
13. Quality of steam as i t  enters steam chest, per cent.
14. Per cent of moisture in steam as i t  enters steam chest.
15. M.e.p., H.E. lb./sq. in.
16. M.e.p., C.E. lb./sq. in.
17. Average m.e.p., lb./sq. in.
18. I.H .P ., H.E.
19. I.H .P., C.E.
20. Average I.H.P*
21. Generator load, e.m.f.
82. Generator load, amperes.
23. Generator load, KW.
24. Friction loss in H.P. of engine, belt and generator.
25. Overall efficiency.
26. Condensate, total, per hour, in lb ,
27. Steam consumption, weight of wet steam per I.H .P. hour.
28. Steam consumption, weight of dry steam per I.H .P. hour.
29. Potential efficiency, per cent.
30. Thermal efficiency, per cent,
31. Value of Bnn along expansion line of H.E. card.
32. Value of wnn along expansion line of C.E. card.
33. Average value of "n” along expansion line of H.E. and C.E. cards,
34. Average absolute pressure at cut-off of average H.E. and C.E. cards.
35. Total volume of steam in cylinder at cut-off from H.E. card, in cu. f t .
36. Total volume of steam in cylinder at cut-off from C.E. card, in cu. f t .
37. Average absolute pressure at point of compression H.E. and C.E. cards.
38. Average volume of steam trapped in cylinder at point of compression 
taken from H.E. and C.E. cards,
39. Average value of quality of steam at cut-off.
Explanation of Trial Numbers.
B-0 -  60 r.p.m., zero load.
B -l -  80 r.p.m., 1/4 fu l l  load.
C-2 -  90 r.putu, 1/2 fu l l  load.
D-3 -120 r.p.m ., 3/4 fu l l  load.
E-4 -150 r.p.m., fu l l  load.
Full load -  maximum load 
engine w ill carry at given speed.
3R E S U L T S  .
Item T r i a l  N u m b e r s .
No,. B-0 B- l B-2 B-3 B-4 C-0 C-l
1 39.00 30.000 30.000 30.000 30.000 45.000 30.000
2 60.30 61.300 58.700 56.700 52.300 89.100 90.500
3 241.20 245.200 234.800 226.800 209 .200 356.400 362.000
4 113.00 113.000 113.200 112.900 113.000 113.000 113.000
5 0.00 0.000 0.000 1.000 1.800 0.000 0.000
6 1.00 3.000 3.000 3.000 4.000 3.300 1.100
7 14.30 14.300 14.300 14.300 14.300 14.300 14.400
8 74.00 68.000 68.000 70.000 70.000 68.000 69.000
9 49.30 42.900 47.800 54.300 54.100 42.200 47.800
10 52.30 48.000 59.900 64.600 68.600 45.300 54.500
11 57.90 55.900 62.800 72.000 77.700 52.600 62.400
12 274.30 274.300 276.400 275.000 274.300 274.300 270.900
13 98.70 98.700 98.700 98.700 98.700 98.700 98.600
14 1.30 1.300 1.300 1.300 1.300 1.300 1.400
15 3.90 20.000 37.900 57.600 87.100 4.200 21.400
16 8.10 23.600 39.500 59.700 89,900 8.300 21.000
17 6.00 21.800 38.700 58.600 88.500 6.300 21.200
18 1.70 8.500 15.300 22.600 31.400 2.700 13 .300
19 3.20 9.600 15.400 22.500 31.300 4.900 12.600
20 4.90 18.100 30.700 45.100 62.700 7.600 25.900
21 73.000 68.700 64.200 56.000 110.000
22 117.400 253.600 417.300 648.500 108.100
23 0.00 8.580 17.420 26.800 36.300 0.000 11.900
24 4.90 6.600 7.400 9.200 14.100 7.600 10.000
25 0.00 0.635 0.759 0.796 0.775 0.000 0.615
26 541.00 1118.000 1532.000 1938.000 2612.000 776.000 1312.000
27 143.10 61.700 49.900 43.000 41.700 102.200 50.600
28 141.30 61.000 49.300 42.500 41.200 101.000 50.000
29 11.32 27.200 32.700 37.100 33.900 15.860 32.000
30 1.77 4.130 5.130 5.950 5.070 2.480 5.020
31 0.766 0.722 0.666 0.695
32 0.776 0.730 0.645 0.755
33 0.771 0.726 0.656 0.725
34 126.000 128.500 128.500 125.000
35 0.152 0.228 0.397 0.177
36 0.157 0.296 0.412 0.157
37 15.000 16.200 16.300 15.300
38 0.270 0.305 0.299 0.326
39 26.550 30.350 39.050 34.850
4R E S U L T S
Item 
No. C-2
T
C-3
r i a l
C-4
N u m b e 
D-0
r s
D-l D-2 D-3
1 30.000 30.000 30.000 45.000 30.000 30.000 36.000
2 84.400 84.400 78.100 118.900 118.300 115.900 111.000
3 353.600 337.000 312.400 475.600 473.200 463.600 444.000
4 113.000 113.000 113.000 113.000 113.000 113.000 113.000
5 0.000 0.700 0.900 0.000 0.000 0.000 0.000
0 1.500 2.000 4.000 1.500 1.500 1.500 2.000
7 14.400 14.400 14.400 14.700 14.300 14.300 14.600
8 67.000 67.000 64.000 66.500 61.500 61.800 70.000
9 50.300 45.100 39.900 42.000 42.000 40.900 48.800
10 59.700 58.700 61.000 48.000 52.400 55.200 66.000
11 67.600 68.400 70.000 53.400 59 .800 03.100 77.700
12 273.500 269.000 265.600 275.600 277.500 275.900 270.000
13 98.700 98.500 98.500 98.700 98.700 98.700 98.700
14 1.300 1.500 1.500 1.300 1.300 1.300 1.300
15 38.300 60.800 81.500 0.800 22.700 41.000 59.500
16 36.300 57.000 83.800 7.500 22.400 37.700 58.700
17 37.300 59.200 82.600 7.200 22.000 39.300 59.100
18 23.100 35.200 43.000 5.600 18.600 32.800 45.500
19 21.300 32.400 43.500 5.900 17.000 29.000 43 .300
20 44.400 67.000 87.100 11.500 36.200 61.800 88.800
21 105.600 95.200 83.800 144.000 139.100 130.000
22 242.500 409.000 627.800 116.500 251.000 405.200
23 25.000 38.950 52.650 0.000 10.790 34.950 52.700
24 10.100 15.400 16.500 11.500 13.700 15.000 18.200
25 0.772 0.772 0.811 0.000 0.621 0.757 0.795
26 1834.000 2408.000 3082.000 833 .300 1362.000 2004.000 2792.000
27 41.400 35.000 35.400 72.500 37.700 32.400 31.400
28 40.600 35.100 34.900 71.000 37.100 32.100 31.100
29 40.000 48.800 48.300 22.700 44.700 53.500 55.400
30 6.240 7.220 7.230 3.500 6.700 7.900 8.200
31 0.807 0.881 1.000 0.860 0.899 0.980
32 0.899 0.964 1.000 0.872 0.948 0.982
33 0.853 0.923 1.000 0.860 0.924 0.981
34 127.500 127.000 127.000 124.000 127.500 118.000
35 0.280 0.480 0.706 0.195 0.318 0.530
36 0.250 0.438 0.740 0.192 0.276 0.502
37 10.200 17.000 15.800 15.800 16.800 17.500
38 0.315 0.345 0.332 0.420 0.372 0.328
39 40.600 52.200 59.900 48.350 53.300 01.100
1
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R E S U L T S
Item T r i a 1 N u m b e r 8
No. D-4 E-0 E- l E-2 E-3 E-4
i 30.000 45.000 30.000 30.000 30.000 30.000
2 103.300 150.900 148.900 147.500 143.900 131.200
3 413.200 603.600 595.600 590.000 575.600 524.800
4 113.000 113.200 113.500 113.000 113.000 112.900
5 0.400 0.900 0.000 0.000 0.100 0.400
6 3.000 2.000 2.000 2.000 4.000 4.300
7 14.600 14.500 14.500 14.500 14.500 14.500
8 70.000 69.000 73.000 72.000 72.000 70.000
9 45.800 49.000 42 .000 43.300 43.500 45.800
10 69.100 56.000 50.000 55.900 62.500 73 .100
11 81.900 60.900 61.700 69.500 78.600 88.100
12 277.000 277.000 272.000 272.900 264.900 269.400
13 98.700 98.700 98.700 98.700 98.000 98.600
14 1.300 1.300 1.300 1.300 1.500 1.400
15 78.100 7.200 23.100 41.000 60.200 83.900
16 83.300 7.200 24.000 38.800 56.900 84.500
17 80.700 7.200 23.600 39.900 58.600 84.200
18 54.700 7.700 23 .800 41.700 59.400 75.900
19 57.200 7.100 23.900 38.100 54.500 73.800
20 111.900 14.800 47.700 79.800 113.900 149.700
21 108.800 186.500 179.500 168.300 144.000
22 638,500 116.100 244.300 398.000 622.000
23 69.500 0.000 21.650 43.900 67.000 89.600
24 18.800 14.800 18.700 21.000 24.200 29.700
25 0.832 0.000 0.607 0.736 0.788 0.801
26 3718.000 1073.000 1684.000 2430.000 3336.000 4660.000
27 33 .200 72.300 35.300 30.400 29 .300 31.100
28 32.800 71.400 34.900 30.100 28.800 30.700
29 52.300 22.620 50.800 57.000 61.400 56.700
30 7.700 3.500 7.300 8.400 8.800 8.300
31 0.960 0.913 0.970 0.987 0.877
32 0.960 0.898 0.033 1.000 0.865
33 0.960 0.906 0.952 0.994 0.871
34 123.000 122.000 124.000 124.000 122.000
35 0.745 0.198 0.336 0.507 0.815
36 0.795 0.186 0.280 0.455 0.835
37 17.200 18.000 16.500 17.500 17.000
38 0.310 0.340 0.380 0.348 0.320
39 69.100 48.300 55.200 64.000 72.800
lit
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DISCUSSION OP RESULTS.. The steam consumption per I.H .P. hour de­
creases as the speed increases for a given m.e.p. and I.H.P. The most econ­
omical speed taken from the standpoint of steam consumption alone, is  150 r.p.m. 
I f  wear and tear on the engine are also considered, 120 r.p.m. would probably 
be the most economical speed on the basis of total cost of power.
From curves 5 and 6 i t  is  seen that the quality of steam at cut-off 
increases with the average m.e.p., and therefore with the weight of steam 
admitted. This is due to the decrease of the condensation surface per unit 
weight of steam admitted. This advantage however is offset as the m.e.p. in­
creases due to the fact that the steam is  released at a higher pressure.
These conditions, seen from the curves, seem to neutralize each other at a l l  
speeds at about 60 lb./sq. in. m.e.p.j that is , after 60 lb./sq. in. m.e.p. 
is  reached,the loss due to incomplete expansion, more than overcomes the gain 
due to increase of quality of steam at cut-off. See Fig. 2. Not only does the 
quality of the steam at cut-off increase with the m.e.p., but also with the 
speed, because of less time being allowed for condensation to take place.
This increase in quality seems to have reached its maximum at about 150 r.p.m. 
as is  seen from Fig. 6.
The steam consumption decreases with an increase in the m.e.p. up 
to about 60 lb./sq. in ., beyond which i t  tends to increase only slightly  due 
to causes already mentioned.
From Fig. 4 the most economical running conditions may be obtained 
for any desired I.H.P. As the I.H.P. increases, the decrease in steam con­
sumption becomes less and less for equal increments of the values of I.H.P.
From Fig. 3 the points of minimum steam consumption at the various speeds 
at which the engine was tested, seem to l ie  on a curve which tends to become 
asymtotie to the axis of speed after 150 r.p.m. is reached, but after which 
we would naturally expect a rise in steam consumption due to increasing
16
throttling loss, necessitating higher pressures at release to give the same 
m.e.p.
The thermal and potential efficiencies rise at a rapid rate with 
the increase in m.e.p. up to about 60 Ib./sq. in. after which the curves show 
a rapid decrease, due to the increasing loss at higher release pressures.
This point, 60 Ib./sq. in. m.e.p., where the increase in quality at cut-off 
and the release pressure seem to balance one another, corroborates our con­
clusions from Pig. 2.
In Pig. 9 is shown the relation between the average values of nn" 
obtained from the expansion lines of the head and crank end cards, and the 
corresponding qualities of the steam at cut-off. A ll these points tend to lie  
on a straight line, the slope of which was found to be 1.35. The equation of 
the line is  Xc = 1.35n- 0.699. Prom this relation the indicated steam con­
sumption per I.H .P. hour can be computed from the indicator diagram plotted 
on logarithmic paper, for the engine under a l l  conditions, to within an average 
difference of 3 per cent from the actual weight of condensate per I.H.P. hour.
This line seems to satisfy the results obtained by Mr. Clayton so far 
as varying the speed or load is concerned, in that the value of ”n" is de­
pendent only upon the quality of steam at cut-off, and is independent of speed 
and any other conditions that may vary. The equation obtained by Mr. Clayton 
is  Xc = 1.245 n -  0.576. The equation obtained from tills series of tests 
varies but slightly from Mr. Clayton's, the variation probably being due to 
leakage in the valves at low loads and speeds thus making the determination of 
wn” quite d ifficu lt , and to a scarcity of points in the region of higher 
qualities.
In the design of engines of the type and size tested, an average 
value of "n" of 0.85 should be used, this value approaching the actual value 
obtained under running conditions.
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CONCLUSIONS. These conclusions apply to the 12 in. x 24 in. engine 
tested, and in general to other Corliss engines of similar size.
1. The steam consumption per I.H.P. hour decreases as the 
speed increases, and also as the m.e.p. increases,up to 60 lb./sq. in ., after 
which i t  increases at a slow rate.
2. The quality of steam present at cut-off increases with
the speed.
3. The steam consumption per I.H.P. hour decreases rapidly
as the load increases.
4. The quality at cut-off and the value of "n" are directly 
related, according to the equation, X0 = 1.35 n -  0.699.
5. The thermal and potential efficiencies increase as the 
speed and m.e.p. increase until 60 lb./sq. in. m.e.p. is  reached after 
which these efficiencies fa l l  o ff rapidly.
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APPENDIX.
A. The Principal Dimensions of Engine Used in Tests.
1. Type -  Horizontal, single cylinder, double eccentric,
non-condensing, variable speed, heavy frame, 
Reynolds-Corliss engine.
2. Class -  Eelt drive for m ill work.
3. Maker -  Allis-Chalmers Co., Milwaukee, Wis.
4. Rated power of engine- 100 H.P. at 115 lb . in it ia l
pressure above atmosphere on indicator diagram, 
l/4 cut-off, 120 r.p.m.
5. Cylinder dimensions -
a -  Bore (measured while hot) 12.02 inches.
b -  Stroke ............................  24.00 inches.
c -  Diameter piston rod. . . 2-3/16 inches..
6. Clearance - In per cent volume displaced by piston per
stroke.
a -  Head end, 7.89.
b -  Crank end, 7.04.
7. Speed -  Controlled by fly -b a ll governor with variable
gear ratio between main shaft and governor, giv­
ing any speed from 40 to 150 r.p.m. Usual speed 
120 r.p.m.
B. Method of Testing. The speed of the engine was f ir s t  
adjusted to that speed desired for the test to be run. This was done by means 
of a governor which had a variable gear ratio between the governor shaft and 
the main shaft. The engine was run for fifteen minutes before each test to 
allow a l l  conditions to become constant. A no-load test of 45 minutes dur­
ation was taken at given speed. Readings were taken at three minute intervals.
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The maximum load of the engine at this speed was then determined by loading 
the engine to its fu ll capacity by means of a generator and water rheostat.
This fu ll  load capacity was then divided into four equal intervals, and a test 
of thirty minutes duration run at each one of these loads. Particular care 
was exercised to keep a l l  conditions constant so that a thirty minuts test 
seemed to be of sufficient length. A pressure of 113 lb . gage was chosen.
C. Method of Analysis. The analysis of the cylinder perform­
ance of each test was made from logarithmic diagrams of average indicator 
cards, plotted according to the method developed by J . Paul Clayton in the 
Journal of the American Society of Mechanical Engineers. April, 1912, pages 
595-596.
Quality at cut-off. Prom the logarithmic diagram the point of 
cut-off was located, i t  being that point at which the expansion line f ir s t  
becomes a straight line. This point gives the pressure and volume at cut-off, 
from which the weight of steam at cut-off may be calculated. The point of 
compression was located on the logarithmic diagram at the point of intersection 
of the exhaust line and of the compression line extended. The weight of dry 
steam compressed each revolution was calculated from the pressure and volume 
at this point. The weight of steam actually present per revolution is the 
sum of the weight of the compressed steam and the weight accounted for by the 
weight of condensate figured per revolution. The quality at cut-off is  
then equal to the weight of steam accounted for at cut-off per revolution, 
divided by the actual weight of steam present per revolution.
Value of ”nn. I f  wnw is  constant, the expansion line of the in­
dicator diagram when plotted on logarithmic paper appears as a straight line, 
the slope of this line gives the value of "n" for that expansion.
20
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